Sugar cane burning in Brazil causes remarkable amounts of organic compounds to be emitted amongst which the polycyclic aromatic hydrocarbons (PAHs) represent serious health hazards.
Introduction
Brazil owns 25 % of the world's cultivated area for sugar cane and therefore is one of the major producers. Although used since 1917 as automotive fuel, ethanol had its production greatly expanded after 1970, when the Brazilian Government developed the PROÁLCOOL program. The extensive sugar cane culture accessible in the country encouraged the production of a relatively clean fuel using a renewable energy source at low cost. Nowadays the cultivated area comprehends 3.12 million hectares, which produced 11 billion liters of ethanol and 142.8 million tons of sugar in the last 2002 season [1, 2] . In particular, the Southeast region, mainly the São Paulo state, is responsible for 80 % of the national production and involves approximately 400,000 workers.
At harvesting season, from May to November, the crops are burnt to make the process of manual harvesting easier, by protecting the rural workers from the sharp leaves, insects and poisonous snakes, and also to increase the sugar content by weight due to water evaporation [3] . In natural and anthropogenic fires, incomplete combustion results in the formation of compounds such as carbon monoxide, ammonia, methane and higher hydrocarbons [4] . Amongst the organic emissions, polycyclic aromatic hydrocarbons (PAHs) are the most feared ones due to their carcinogenic and/or mutagenic properties [5, 6] . Recently their endocrine disruption action has been reported [7] . Sixteen PAHs are included in the priority pollutants list of the US Environmental Protection Agency (EPA) [8] .
The pyrolysis of the organic matter under high temperatures and consequent recombination of acetylene units results in condensed polyaromatic molecules [9] , present in both the gas and particulate phases. Low molecular weight PAHs are found predominantly in the gas phase, while those with four or more rings are found mainly in the particle phase. Van Vaeck et al. [10] have found that about 80 % of the atmospheric inventory of particulate PAHs is associated with particles below 1 µm. Miguel and Friedlander [11] have reported that around 75 % of benzo[a]pyrene (B[a]P) is associated with particles smaller than 0.26 µm, that may deposit into the alveoli causing lung diseases such as asthma or emphysema, even when low concentrations are present. The prevalent presence of PAHs in the respirable fraction of submicrometer aerosol particles generates a special interest from the health point of view [12] and constitutes a real hazard although the extent of such contributions remains almost unknown. The characterization of individual particle composition using microanalysis methods is thus of great relevance [13] . In the Southeast of Brazil, regional air pollution caused by sugar cane burning has become a serious problem with potential effects on human health and the global environment. Arbex et al. [14] observed a strong correlation between the amount of smoke particles deposited in a medium city in the state of São Paulo and the 3 number of persons who needed inhalation therapy in a local hospital, indicating that sugar cane burning may cause deleterious health effects in the exposed population. Zamperlini et al. [15] reported the identification of 38 compounds originating from sugar cane soot: the sixteen PAHs from EPA's priority pollutants list, some alkyl PAHs and tiophen derivatives. However, up to now there is no specific information concerning the chemical composition of the aerosol during the sugar cane burning season and the subsequent effects on the exposed population in the region For a long time the accurate identification and quantification of such trace pollutants has been a challenge for environmental science. High performance liquid chromatography (HPLC) is usually coupled to diode-array, fluorescence or UV detectors, but chromatographic resolution is limited. In this respect, capillary gas chromatography (GC) performs better but the extreme complexity of aerosol samples practically requires coupling to a mass spectrometer (MS) for reliable identification [16] . Nowadays GC-MS comprises one of the standard methods for the determination of PAHs in ambient air [17] . However, GC performed with conventional capillary columns (30 m x 0.25 mm) results in long analysis times. In addition, the classical extraction methods, such as Soxhlet for instance, are extremely laborious and time-consuming. This was the motivation to apply a new GC-ITMS technique [18] combined with accelerated solvent extraction (ASE) in order to detect and quantify polycyclic aromatic hydrocarbons in aerosol samples in a fast, accurate and reliable approach.
Experimental

Solvents and standards
All reagents used were of analytical reagent grade. Dichloromethane (DCM), methanol (MeOH) and isooctane were purchased from Merck (Darmstadt, Germany). Pure PAHs The concentrations of the collected total suspended particulate (TSP), the volume of air sampled, and the temperature for each day are given in Table I .
Sample extraction and GC-MS analysis
The entire filter was cut into 6 parts and one (average weight 0.45 g) was loaded into a 5 mL extraction cell. The extractions were performed using a pressure of 160 bar at a temperature of 100 
ITMS and additional details on its validation in comparison to conventional GC-ITMS is described
elsewhere [18] .
In this work the 16 PAHs listed by the US EPA as priority pollutants plus benzo[e]pyrene were analyzed. The target compounds were identified by GC retention times, comparison with authentic standards, and from their recorded mass spectra by comparison with the NIST library (100,000 compounds). Perdeuterated PAHs were used as internal standards to quantify the individual analytes by the LP-GC-ITMS analysis.
Results and discussion
Accelerated solvent extraction (ASE)
According to Richter et al. [20] , the extraction efficiency using ASE is comparable to that obtained by Soxhlet extraction, encouraging us to apply such procedure to our samples. Using optimized conditions described by Alexandrou et al. [21] , the fully automated ASE extraction process was performed in less than 15 min, whereas Soxhlet extraction required 16 and 20 h according to Caricchia et al. [22] and Kavouras et al. [23] , respectively. Furthermore a total solvent consumption with ASE could be reduced to approximately 20 mL. Hence ASE provided a very fast procedure with a minimum consumption of toxic solvents and environmental burden, nowadays two crucial parameters in the choice of the extraction technique.
LP-GC-ITMS analysis
Conventional PAHs chromatographic separations are performed generally within 30-40 min in order to elute all compounds. The temperature-programming rate needs to be low enough for the complete separation of PAHs and results in a long chromatographic experiment, preferentially in a thin film column with low capacity. The low-pressure GC is then an attractive alternative to shorten the analysis time. Furthermore, the use of wide bore thick film columns operating under vacuum conditions allows the capacity of the system to be increased substantially.
Using the LP-GC-ITMS approach, the best separation was achieved with a CP-Sil 8 column Ravindra et al. [18] . The mass spectra of target compounds agreed well with those from authentic standards, in that fit-factors were similar (see Figure 1) . Additionally, the retention time reproducibility between samples and standards was enough to ensure the identification of the target 6 analytes. Moreover, the use of the ITMS permitted the entire mass spectra to be obtained with a sensitivity that exceeded that of quadrupole/single ion monitoring [24] .
Finally, the outlined advantages of fast analysis and lower gas-consumption are decisive parameters to be taken into account for routine monitoring, not only at the industrial scale, but also in a research laboratory.
Atmospheric particulate matter
Particulate PAHs concentrations are summarized in Table II The average B[a]P concentration (1.9 ng m -3 ) measured in Araraquara is of special interest due to its high carcinogenic property, being higher than those measured in large cities in developed countries such as London [28] . According to Simoneit [9] the major PAHs emitted from Gramineae 
